OBJECTIVE: The present study was conducted to examine the relationship between obesity and all-cause mortality in women. STUDY DESIGN AND SETTINGS: The subjects were women enrolled from 1980 to 1985 in a Canadian randomized trial, the National Breast Screening Study (NBSS) to evaluate the efficacy of mammographic screening. Mortality was ascertained by record linkage to the Canadian Mortality Data Base. Hazard ratios (HR) for the association between body mass index (BMI) and all-cause mortality were obtained from Cox proportional hazard regression models. RESULTS: During an average follow-up period of 16.5 years, 2566 deaths were identified among the 49 165 women, age 40-59 y at enrolment. The risk of all-cause death increased linearly above a BMI of 22 kg/m 2 and the trend was statistically significant. The HR (and 95% confidence intervals) in the various categories of BMI (kg/m 2 ) were: BMIo18.5: 1.12 (0.99-1.25);
Introduction
There is considerable epidemiological evidence that overweight and obesity are related to an increased risk of chronic disease and death. [1] [2] [3] [4] Most studies have reported a J-or a Ushaped association between body mass index (BMI) and allcause mortality. [5] [6] [7] [8] The adverse effects of excessive body fat and weight include major chronic diseases such as coronary artery disease, stroke, dyslipidemia, type 2 diabetes, hypertension, gall bladder disease, osteoarthritis, and several cancers. 1, 9 In 2000, 9.3% of total deaths in Canada were attributable to overweight and obesity for ages 20-64 y. 10 Available evidence is stronger for men than for women. 11, 12 Obesity is a major public health concern in Canada and other industrialized nations. 1, 2, 13, 14 According to the Cana- . 15 Obesity rates have almost tripled in the past few decades, increasing to 15% in 2000-2001. 10 In addition to contributing to a poor quality of life of those affected, obesity and associated diseases are a major burden on health care resources. The total direct cost of obesity in Canada is estimated to be over 1.8 billion dollars/year, amounting to over 2.4% of total health care expenditure. 16 Despite the importance of assessing the burden of illness and cost from obesity, there is little data to base such estimates for Canadian population. The Canadian National Breast Screening Study (NBSS), 17 which enrolled a large cohort of women in Canada, provides a unique opportunity to enhance our understanding of the relationship between obesity and mortality in women. The purpose of the present study was to examine the relationship between BMI and mortality in Canadian women. BMI was derived from measured weight and height of women, unlike most surveys and studies where self-reported values are usually reported.
Study design and methods
This investigation was conducted on a subcohort of women in the Canadian NBSS 17,18 on whom dietary information was available from a quantitative self-administered food frequency questionnaire (FFQ). 19 The NBSS is a multicenter randomized controlled trial, primarily designed to assess mammographic screening for breast cancer in 89 835 women, aged 40-59 y at recruitment. Women were recruited between 1980 and 1985 by various means, including personal invitation by letter, group mailings to employees of large institutions and to members of professional associations, advertisements in newspapers, and public service announcements on radio and television.
Risk factor and dietary data Risk factors and demographic information were obtained from the initial enrolment form and an epidemiologic questionnaire. The questionnaire included questions on marital status, education, ethnicity, smoking, occupation, age at menarche, menopausal status, history of benign breast disease, family history of breast cancer, number of children, use of oral contraceptives and hormones, and time spent on moderate and heavy physical activity (questions on physical activity were in the FFQ). Questions on smoking asked whether subjects had ever smoked, the number of cigarettes smoked per day, years smoked, and year stopped smoking. Weight, height, and three measurements of the triceps skinfolds, using Lange calipers, were taken on enrolment at the screening centers by nurses. The measurements of height and weight were used to compute a BMI (weight/height, kg/ m 2 ). The current recommendations for BMI classification in Canada 20 are the same as the standardized World Health
Organization classification of BMI (kg/m 2 ): underweight (o18.5), normal weight (18.5-24.9), overweight (or preobese) (25-29.9) , obesity class I (30-34.9), obesity class II (35-39.9), and obesity class III (Z40). However, prior to 2003, BMI (kg/m 2 ) was classified as: some excess weight (25) (26) (27) , overweight including obesity (427).
Starting in 1982, a self-administered FFQ designed for this study by Jain et al 19, 21 was distributed to all new attendees at all screening centers, and to women returning to the screening centers for rescreen. By the time the dietary questionnaire was introduced, some women had already been enrolled in the study and were not seen again at the screening centers. A total of 49 611 completed dietary questionnaires were available for analysis, and these constitute the subcohort on which the study described here was based. The FFQ contained questions on the frequency of consumption and usual portion size of 86 food items in the 1-month period prior to the completion of the questionnaire.
It had an open-ended section to report other food items normally eaten that were not listed on the questionnaire. Photographs of various portion sizes were included in the questionnaire to assist participants with quantification of intake. A pilot version of this questionnaire was validated against an interviewer administered diet history questionnaire and reported correlation coefficients of 0.50-0.70 for major nutrients. 19 Data from the FFQ were used to calculate daily intakes of calories and various nutrients, using a database developed by modifying and expanding food composition tables from the United States Department of Agriculture to include typically Canadian foods.
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Outcome ascertainment Mortality during follow-up was ascertained by means of computerized record linkage of records from the cohort to the National Mortality Database, which is maintained by Statistics Canada. The linkages to the databases yielded data on all-cause mortality to December 31, 1998 for women in Quebec, 2000 for Ontario, and 1999 for other regions in Canada. In all, 2566 deaths were identified in the final eligible subcohort of 49 611 women. Cause-specific mortality was available only till December 31, 1993 with a total of 1223 deaths.
Statistical analysis
Subjects contributed person-time to the study from their date of enrolment until the termination of follow-up or death, whichever was earlier. Hazard ratios (HR) and 95% confidence intervals (CI) for the association between BMI and risk of premature death were obtained by fitting proportional hazard regression models with PHREG in the SAS program (SAS Institute, Cary, NC, USA). The HR were adjusted for the potential confounding variables including age at enrolment, number of pregnancies, menopausal status, smoking, university education, mammography allocation, alcohol intake, and energy intake. Tests for linear trend over categories were performed by treating categories as continuous variables in the regression models. Tests for selected interactions were based on likelihood ratio tests comparing models with or without product terms representing the variables of interest. Those subjects (n ¼ 167) for whom the estimate of total energy intake was more than three standard deviations from the mean total energy intake were excluded from further consideration, since their estimated energy intake was highly suggestive of incorrectly recorded intake. Women with BMI less than 14 kg/m 2 or greater than 65 kg/m 2 were also excluded due to possible incorrect recording (n ¼ 279). Therefore, given the various exclusion criteria described above, the main analyses were based on 49 165 women; 2566 cases (or deaths) and 46 599 noncases.
Results
The women in this subcohort were followed for a mean period of 16.5 y (range 0.2-20.9). The mean age at enrolment (25-29.9) , and 7147 obese (obesity class I (30-34.9), class II (35-39.9), or class III (Z40)). However, according to the BMI classification prior to the 2003, 12 473 women had some excess weight (BMI 25.0-27.9), and 11 622 were overweight including obesity (BMIZ28).
The relationship between BMI and potential confounders in the noncases is shown in Table 1 . Positive, statistically significant associations were observed with age and history of more than one pregnancy and inverse associations with having any university education, nulliparity, being premenopausal, ever having smoked cigarettes (40 cigarette years), allocation to mammography group, and alcohol intake of greater than 15 g/day. There were no consistent associations between BMI and vigorous physical activity and intakes of total energy, fat, dietary fiber, and beta-carotene. The proportion of subjects with a BMI Z25 kg/m 2 or overweight was 52.6% in cases and 48.8% in noncases. Figure 1 . For Table 2 , the P-value for difference in log likelihood ratios, with and without the covariates, was significant at Po0.05. There was no evidence for differences in the associations between BMI and risk when examined after excluding those subjects who contributed less than 1 y to the follow-up (data not shown).
Associations between BMI and risk of mortality by levels of some common cardiovascular or cancer risk factors are shown in Table 3 . An increase in death was associated with BMI for women with a history of more than one pregnancy compared to women with one or no pregnancy, intake of 415 g of alcohol/day, and in women in the highest quartile of energy intake or fat intake. The table also shows a Highest quartile level for physical activity, energy and fat intake; lowest for fiber and beta carotene intake. BMI and mortality in women MG Jain et al significant interaction for university education. Although the risk of dying increased with higher BMI levels in both groups of women, with or without university education, the risk was slightly higher in women with a university education and a high BMI compared to women with no university education and a high BMI. At a BMI level of 22-24.9 kg/m 2 , the risk was similar in women with or without university education. No significant interactions were observed for age at enrolment, ever/never smoked status, or number of years smoked, 8 menopausal status, allocation to mammography, or physical activity. Database linkages for disease-specific mortality (most responsible diagnosis) were available only to 1993, yielding 1223 deaths. Owing to small numbers in some categories, results warrant using caution. In all, 69* of deaths in our subcohort were due to neoplasms, 15.7% from cardiovascular disease, 3.4% from injury or accidents, 1.6% from endocrine or nutrition-related disorders (eg diabetes), and remaining from miscellaneous digestive, respiratory, or congenital conditions. Cause of death was not available on 43 women. When cause-specific analyses were performed, BMI showed a positive, statistically significant association with each of the major causes of death: cancers of the colon, pancreas, lung, and breast, heart disease (myocardial infarction and ischemic heart disease), and stroke (data not shown).
Discussion
This is one of the first studies to document the direct effects of overweight and obesity on all-cause mortality in a large population of Canadian women. The results show a significant linear positive association between overweight and mortality experience of women in this cohort. The risk increased by 10% for every 5 kg/m 2 increase in BMI above the baseline comparison value. The association was significant at all levels of BMI higher than 21.9 kg/m 2 , over and above any effect of intakes of high calorie, fat, alcohol, levels of physical activity, smoking, education as a socioeconomic status indicators, etc. Women in the some excess weight category had a 28% higher risk of premature death, those with overweight had a 34% excess risk, those with obesity Class I had a 30% excess risk, and those with obesity Class II þ Class III had a 40% excess risk. The population in this study was relatively young and likely to have been a healthier cohort than normal, as they were fit enough to volunteer for a research study on screening. This probably resulted in some overestimation in risk. a The models were adjusted for age at enrolment, number of pregnancies, menopausal status, smoking (ever/never), university education, mammography allocation, alcohol intake, and energy intake.
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This is among the very few studies where the confounding effects of nutrition, alcohol, and physical activity were adjusted. Another strength of this study is in the measured weight and height data rather than self-reported data reported in most surveys and studies and the inherent issues of under-reported weight and over-reported height. 26 BMI is the most widely used index of obesity, as it is easy to derive, and it is moderately correlated with body fatness in large heterogeneous samples. 27 The sample size of this study could have been strengthened if the analyses were performed on the full cohort of nearly 90 000 women on which body measurements were collected. However, our need to adjust for important confounders of nutrition and physical activity necessitated the analyses to be restricted to this subcohort.
The results reported in this study are comparable to the literature where a high BMI or overweight has been associated with increase in all-cause mortality in women. 3, 5, 7, 11, 12, 14, [28] [29] [30] Our results also confirm a J-shaped relationship in women. In a Canadian study, HR for men were much lower than women at higher categories of BMI and showed a U-shaped curve. 5 However, the J-curve is probably a result of the regression-dilution bias 31 or subclinical illness, and should not be regarded as evidence that being underweight is a higher risk. Similar to some other studies, no interaction of smoking was observed on the relationship of BMI with mortality. 8, 30 In the Framingham Heart Study data, the estimated BMI at the minimum risk of death was similar for men and women smokers and nonsmokers alike even after deleting prevalent cases of cardiovascular disease. 8 A synergistic interaction effect of alcohol was observed by us similar to that reported in earlier studies. 30 In a J-shaped pattern found in a Japanese-American study in Hawaii, a very low BMI and heavy alcohol intake led to a higher risk of mortality (excess risk 63%) compared to either the very low BMI (28% excess risk) or heavy alcohol (2% excess risk) alone. 30 Another significant interaction observed in our study was with education. Although having university education reduced the risk of premature death, the risk was higher in these women if they were overweight compared to those without a university education and overweight. Overweight women with more than one pregnancy were also at a higher risk than women who were overweight but had one or less pregnancy. Information on other possible contributory factors to premature death, such as history of cardiovascular disease, diabetes, and high blood pressure, was not ascertained at enrolment of this cohort. The lack of adjustment on these variables in our analysis can result in an under-or overestimate of the effect of BMI on mortality. However, when the effect of BMI was studied in a subcohort of this cohort on each of the major causes of death: cancers of the colon, pancreas, lung, and breast, heart disease (myocardial infarction and ischemic heart disease), and stroke, the same positive association was observed for each of these causes of death; suggesting an absence of confounding from any preexisting disease. In a previous study on a large cohort of Dutch men and women in which the increased mortality in overweight men was mainly attributable to coronary heart disease reported that the relative risk (but not the absolute risk) for coronary heart disease among obese men was still significant after adjustment for the presence of smoking, hypertension, hypercholesterolemia, and diabetes mellitus at baseline. 7 The recent study by Katzmarzyk et al 10 reports the population attributable risk (PAR) from overweight and obesity for Canadian adults 20-64 y of age, at 9.3% in 2000, that is, almost 10% of all deaths in Canadians are from obesity-related diseases. Many prevention strategies are now in planning at different levels of government to address the rise in obesity and physical inactivity. However, the presence of a J-or U-shaped risk curve of BMI and mortality association implies the need to safeguard against very low body weights, which are commonly seen in young girls and women as a result of too much emphasis on keeping slim and in some instances, the subsequent occurrence of eating disorders. A 26-y BMI and mortality study of women in the US 32 supports a higher long-term risk of fatal cardiovascular and respiratory diseases due to a lower body weight (BMIo21 kg/m 2 ) in apparently healthy, never-smoking women. A graded classification system for BMI, which is now adopted worldwide, allows both patients and health care professionals the opportunity to implement lifestyle modifications before extreme or morbid obesity develops. However, more research is needed on the effectiveness of intervention best practices at community and therapeutic level.
In conclusion, this study confirms the association of high BMI with increased all-cause mortality in women.
